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Abstract 
With the purpose to estimate the existing methodologies of in-use guaranteed rubber life-time test, the processing of the 
accelerating rubber ageing results according to State Standard GOST, ISO and Research and Production Enterprise "Progress” 
methodology is carried out. It is shown that the experimental results analysis provides us with the similar picture, but analytical 
prognostic method is more advantageous because of its flexibility. Improving of the methods of processing experimental data of 
rubber accelerated ageing is in the scope of interest of modern mathematical modeling, which lets using more complex functions, 
reflecting the properties of rubber behaviour in the whole analyzed temperature and time interval without any rejection of 
experimental data. Such modeling lets more precisely predict rubber behaviour in different operating conditions and carry out 
computations in conditions of complex temperature-and-time model of rubber products storage and exploitation. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Omsk State Technical University. 
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1. Introduction 
Nowadays, rubber products are widely used in various industrial fields. During their storage and exploitation, 
product ageing processes, leading to the degradation of their basic physical and mechanical performance and life 
time reduction, take place. The estimation of the life time and the remaining service life of rubber products is up-to 
date in scientific and industrial practice. Of similar importance is the task of implementing the most efficient 
methodology of processing the accelerating ageing results together with their lifetime prediction. 
2. Study subject 
The subject of the study is different methods of processing experimental data of accelerating rubber ageing for 
prediction their properties changing in conditions of storage and exploitation on the example of ageing rubbers К-14-
1 and К-14-2. Thermal ageing of the prototype samples was carried out in thermostats in the free state with a small 
air exchange at temperatures 70, 80, 90, 100 0С in accordance with the requirements of State Standard GOST 9.713-
86 and ISO 11346.2014. The chemical structure of the two rubber mixtures on the basis of general-purpose rubbers 
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is given in table 1. Rubbers properties changing in the process of long-term thermal ageing were measured in terms 
of the relative lengthening change at rupture. This indicator was chosen as the main feature of rubbers resistance to 
long-term thermal ageing. The results of the accelerated rubbers ageing are given in fig. 1 and 2. 
                                      Table 1. Chemical structure of rubbers К-14-1 and К-14-2 
Ingredients Rubber, mass. p. per 100 mass. p. content 
К-14-1 К-14-2 
BR 40 30 
IR - 70 
SBR 60 - 
Ground sulphur  1.7 2.0 
Zinc white 3.0 5.0 
Vulcanizing accelerator 0.9 0.8 
Plasticizers and softeners 10.0 6.0 
Antioxidants 3.0 3.0 
Anti-scorches 0.7 0.7 
Carbon black 50.0 50.0 
 
 
Fig. 1. Results of changing typical indicator of rubber К-14-1 ageing 
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Fig. 2. Results of changing typical indicator of rubber К-14-2 ageing 
3. Methods 
For the prediction of changing rubber properties, State Standard GOST 9.713-86 method, ISO 11346.2014 
method and Rubber properties prediction methodology of Federal State Unitary Enterprise "Research and 
Production Enterprise “Progress” were used. 
The main idea of the State Standard GOST  9.713-86 prediction method (The method of predicting properties 
changes at thermal ageing) is finding out of the rubber properties indicator, substantially changing during thermal 
ageing, - the typical ageing factor – at a number of elevated temperatures, as well as calculating the coefficient, 
characterizing the dependence of the indicator changing  rate on ageing temperature and the given temperature being 
extrapolated from the obtained results. 
As a specific ageing indicator for rubbers and rubber products while being stored in a deformed state, we assume 
relative compression set, stress relaxation or static modulus, equilibrium modulus; for rubbers and rubber products 
while being stored in an undeformed state – nominal strength or relative lengthening at rupture, rupture strength, 
equilibrium or static modulus [1]. 
ISO 11346 prediction method (Vulcanized rubber, or thermoplastic. Estimation of the life time and the maximum 
operating temperature) relates ageing chemical response rate with temperature. The estimation of the ageing degree 
is carried out by the extrapolation of the ageing characteristic at the given time and temperature values for the given 
life time [2].  
Specialists of Federal State Unitary Enterprise “Research and Production Enterprise “Progress” have developed 
the method of accelerated rubber products ageing for the imitation of the brining rubbers to the state, corresponding 
to the end of life with the following estimation of their survival. Long-term implementation of this method has 
proven the choice validity of rubber ageing characteristic indicator RCS, in particular, relative lengthening at 
rupture, indicating the changes of the rubber structure while ageing most accurately [3]. 
The prediction methodology is based on the exponential equation of the rubber properties changes, obtained on 
the basis of the theoretical and experimental research. The mathematical program of the experimental data 
processing includes the rejection of the inaccurate results, deviating from the chosen exponential dependence.  
4. Results and discussion 
4.1. State Standard GOST  9.713-86 calculation 
Figures 3a and 3b give the superimposed curves of rubbers К-14-1 and К-14-2, obtained as a result of processing 
of the most typical ageing indicator – relative lengthening at rupture in accordance with State Standard GOST 9.713-
86 recommendations. 
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Fig.3. (a) Superimposed curve of rubber К-14-1 (L = 147 %) (b) Superimposed curve of rubber К-14-2 (L = 230 %) 
As an example, by the superimposed curve the predicted value of the ageing characteristic indicator at mean 
effective temperature 25 0С during 10 years was determined. From the graphs given, these values for rubbers К-14-1 
and К-14-2 are 147 % and 230 % correspondently. 
4.2. ISO 11346.2014 calculation 
Basic recommendations of ISO 11346.2014 are similar to ones of State Standard GOST  9.713-86, that is why the 
graphs are not given in the paper. 
 
4.3. Methodology of Research and Production Enterprise "Progress” calculation 
The change of the relative lengthening of rubbers during the process of their ageing was calculated by the 
prediction equation, like: 
lnL = ln L0 – exp (c + α  lnτ - 
Т
D ),                                                                                                                 (1) 
where L0, L is relative lengthening of rubbers before and after ageing, correspondently,  %; τ is ageing duration, 
days; с, α, D are coefficients; Т is temperature, К [3]. 
As a result of experimental data mathematical processing on the base on the developed computer program 
concerning changes of relative rubber lengthening at elevated temperatures, equation (1) will be the follows: 
For rubber К-14-1:    
lnL = 6,1463 – exp (4,57 + 0,315  lnτ - 
Т
2093 );                                                                                             (2) 
For rubber К-14-2:    
lnL = 6,35 – exp (11,538 + 0,4685  lnτ - 
Т
4626 ).                                                                                           (3) 
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On the basis of equations (2) and (3), relative rubber lengthening at the end of the life time for the same 
conditions, which were accepted for the calculations based on State Standard GOST and ISO, is calculated. The 
calculation results are given in table 2. 
                                                        Table 2. Calculation results of the relative rubber lengthening based on the method [3] 
Rubber type Relative lengthening at rupture, % 
К-14-1 149 
К-14-2 240 
 
Integrated calculation results, according to the three methods described, are given in table 3.  
                             Table 3. Integrated calculation results of the rubbers ageing characteristic indicator  
Rubber type 
Relative lengthening at rupture, % 
State Standard GOST  
9.713-86 ISO 11346.2014 
Methodology Research 
and Production Enterprise 
"Progress” 
К-14-1 147 148 149 
К-14-2 230 232 240 
 
As it can be seen from table 3, processing of experimental results based on State Standard GOST and ISO have 
the similar picture, and the results of Federal State Unitary Enterprise "Research and Production Enterprise 
"Progress” methodology somehow differ from the standardized methods. However, analytical prediction method is 
more advantageous than graph analytical standardized methods because of its flexibility. 
5. Conclusion 
On the base of the research we can conclude that, improving of the methods of processing experimental results of 
accelerated rubbers ageing with the following prediction of their life time is in the scope of modern mathematical 
modeling, which provides using more complex functional dependencies, giving more accurate picture of rubbers 
behavior for the whole investigated temperature-and-time range without any rejection of the experimental data. Such 
modeling makes it possible to predict more accurately rubbers behavior in different operating conditions and to carry 
out calculations in conditions of complex temperature-and-time model of rubber products storage and exploitation. 
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